Inhalation exposure to 300 ppm ethylene glycol monomethyl ether (EGME) for 3 days produced degenerative changes in spermatocytes of pachytene and meiotic division at spermatogenic stage XIV in rats. However, a wide range of germ cell types including spermatogonia was affected and the stage-specific damage was not discernible after 2 weeks exposure to 300 ppm EGME. The stage-specific damage was related to exposure concentration-time course. In early stages, degenerating spermatocytes showed nuclear chromatin clumping around synaptonemal complexes, cytoplasmic vesiculation with electron-dense material deposition, and disruption of the plasma membrane. Chromosomal microtubules in the meiotic division of spermatocytes were discontinued with deposition of electron-dense chromatin material. Sertoli cells showed cytoplasmic vacuolization, contact loss to germ cells, and cytoplasmic processes fragmentation with disrupted microtubules. Degenerative pachytene or meiotic spermatocytes were associated with disrupted Sertoli-germ cell relationship, chromosomal microtubules, and synaptonemal complexes. Spermatid degeneration and giant cell formation were observed after spermatocyte degeneration. Spermatid degeneration appeared to be a secondary change resulting from disrupted Sertoli-to-germ cell association. After 14 days post-exposure (PE) following 2 weeks exposure, some tubules were lined with regenerating spermatocytes with or without round spermatids. By 42 days PE, many tubules regained normal germinal epithelium, but some tubules were still atrophic eve? after 84 days PE. Reversibility of testicular atrophy was inversely proportional to severity of damaged stem cells.
INTRODUCTION of lymphoid cells, hypoplastic bone marrow, and
Ethylene glycol monomethyl ether (EGME) has been used extensively in the industry as a solvent in paint, dyes, ink, varnish, resin coatings or hydraulic fluid (33,38). Skin imtation is minimal, but mild eye irritation occurs following direct application of EGME. EGME is absorbed through the skin with low dermal toxicity (36), but is appreciably toxic when inhaled. Its vapors are imtating at high concentrations, but concentrations that may cause toxic effects upon prolonged inhalation exposure have negligible warning properties. Workers exposed to EGME revealed clinical signs of encephalopathy and bone marrow damage (24,39). Inhalation exposure to EGME in rats resulted in testicular atrophy, atrophic thymus with depletion anemia (22,23). Also, adverse effects on embryonal and fetal development were reported in rats exposed to EGME (1 0, 15). In the testicular damage induced by brief treatment with EGME, the spermatocytes were degenerative, especially in the stages of meiotic maturation and division. These germ cells were considered to be primary target germ cells (4, 5, 7, 14) . Detailed studies on the testicular lesions were limited to animals administered by oral gavage since it is a simple and inexpensive method (3,4, 7, 14). A few inhalation studies described briefly EGME-induced testicular atrophy (1 0, 22).
Since EGME is used extensively as a solvent in the industry, workers and consumers are most likely exposed to the EGME by inhalation or dermal routes rather than by the oral route. The severity of the lesions or target organs is not always the same for TOXICOLOGIC PATHOLOGY is well-known that testicular atrophy induced by any toxicant is a reversible change. However, it is necessary to perform animal experiments to determine what degree of reversibility occurs after certain testicular damage. The present study was conducted to elucidate ultrastructural changes of the germinal epithelium in an attempt to clarify pathogenesis of the testicular atrophy. In addition, reversibility of damaged germinal epithelium was examined in order to extrapolate results to humans after brief or repeated inhalation exposure to EGME.
MATERIALS AND METHODS

Exposure Atmosphere Generation
Vapor atmospheres of EGME were generated by metering liquid test material into 3-neck, roundbottom glass mixing flasks heated electrically to approximately 85°C. Dilution air was added to the mixing flasks at approximately 40 Umin to sweep the EGME vapors into 150 liter stainless steel and glass exposure chambers. The gas mixture was dispersed with baffles upon entering chambers. The chamber atmospheres were exhausted through water scrubbers, followed by dry-ice cold traps and charcoal filters prior to discharge.
Exposure Atmosphere Analysis
The atmospheric concentration of EGME vapor was measured daily at approximately 30 min intervals. Samples of the chamber atmospheres were drawn from the rat's breathing zone with a gas-tight syringe and analyzed using a Hewlett Packard model 5790 gas chromatograph equipped with a flame ionization detector. Gas samples were chromotographed isothermally at 175°C on a 6' x 2 mm i.d. glass column packed with 3% OV-225 on 80/100 mesh Supelcoport@ . The atmospheric concentrations of EGME were calculated by comparing peak heights of the samples with standard curves. Standards were prepared by vaporizing known amounts of EGME in air using gas dilution bottles. The temperature, relative humidity and oxygen content in each exposure chamber was measured daily.
Experimental Design
Experiment 1. A total of 50 male Crl:CD@BR rats (Charles River Breeding Laboratories, Kingston, NY) were divided into one control and one treatment group of 25 males each. The rats were exposed by inhalation to EGME at a concentration of 300 ppm, 6 hrlday for 3 days. Rats exposed to ambient air served as controls. Five rats from each group were killed after 3 days of exposure, and the remaining 20 rats were placed in a recovery room. Subsequently, 5 rats from each group were killed at 1,2, 7, and 12 days of recovery.
Experiment 2.
A total of 40 male Crl:CD@BR rats were divided into 2 groups of 20 males each. The rats were exposed by inhalation to EGME at a concentration of 300 ppm, 6 hrlday, 5 days/week for 2 weeks. Control rats were exposed to air only. Five rats from each group were killed immediately after the 2 weeks exposure, and the remaining rats were placed in a recovery room. Subsequently, 5 rats were killed after 14,42, and 84 days of recovery.
The testes and epididymides were fixed in Bouin's solution for light microscopic examination. The tissues were embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin (H&E). In addition, the paraffin sections of all testes were stained by periodic acid-Schiff (PAS). The paraffin sections stained with PAS were utilized to identify spermatogenic stages and specific cellular association (17) . In order to assess testicular damage, approximately 200 cross sections of seminiferous tubules from each testis were examined microscopically by low power magnification. For transmission electron microscopy, excised tissue from each testis was fixed in 3% glutaraldehyde solution for approximately 3-12 hr. They were rinsed in Millonig's phosphate buffer, post-fixed for 2 hr at 4°C in 1% osmium tetroxide, dehydrated in alcohol and embedded in Epon. Tissue sections (1 pm thick) were stained with toluidine blue to locate areas for electron microscopic examination.
RESULTS
Experiment 1
Light Microscopy. Pachytene and dividing spermatocytes in spermatogenic stage XIV were exclusively affected after 3 days of exposure to 300 ppm EGME ( Fig. lA, B ). After 1 and 2 days post-exposure (PE), many necrotic spermatocytes in stages XII-XIV were removed from the seminiferous tubules, and the spermatocytes were markedly depleted. A few seminiferous tubules were lined with a single cell layer ofgerm cells. Elongated spermatids (14 stages in acrosome phase) opposed directly to the spermatogonia or Sertoli cells where spermatocytes were completely depleted ( Fig. lC, D) . Some elongated spermatids were degenerative and showed granular or disintegrating cytoplasm. Round spermatids in stages I-VIII showed dissociation, degeneration, depletion, and giant cell formation. Some seminiferous tubules were lined with a single layer of germ cells. Mature spermatids or spermatozoa were directly opposed to the stem cells.
After 7 days PE, regenerating pachytene spermatocytes were evident in some damaged germinal epithelium at stages XII-XIV. However, other seminiferous tubules showed marked depletion of spermatocytes with necrosis, but many elongated sper- matids appeared to be intact. Some seminiferous tubules showed marked depletion of round spermatids with spermatid giant cell formation in stages I-VIII ( Fig. 2A, B ). In comparison with 2 days PE, more seminiferous tubules showed only a single layer of stem cells with directly opposing mature spermatids. After 12 days PE, atrophic tubules were sharply demarcated from normal seminiferous tu- bules. Most seminiferous tubules contained normal germinal epithelium, but some atrophic seminiferous tubules showed a few layers of regenerating pachytene spermatocytes. Epididymal tubules had exfoliated degenerative germ cells and decreased spermatozoa after 3 days exposure, and 1 and 2 days PE.
Electron Microscopy. After 3 days exposure, spermatocytes in pachytene and meiotic development at stage XIV were mainly affected ( Fig. 3A ). In the early stages, degenerative pachytene spermatocytes showed a condensation of the chromatin along the nuclear membranes, synaptonemal com-plexes (Figs. 3B, 5), and cytoplasmic vacuolization with swollen mitochondria (Fig. 4A) . remained relatively intact, but cytoplasm was vacuolated with diffuse deposition of electron-dense masses around the mitochondria or vesicles. In later stages, the nuclear membranes were ruptured and the chromatin masses fused together with cytoplasmic electron-dense masses. The necrotic spermatocytes transformed into large round structures consisting of electron-dense granular or laminated masses in advanced stages of necrosis (Fig. 3A ). The chromosomal microtubules in the meiotic division of spermatocytes were fragmented paritally and covered with electron-dense materials (Figs. 3B, 6A) . Sertoli cells had vesiculated endoplasmic reticulum, dilated intercellular space, and vacuoles containing flocculent proteinaceous material ( Fig. 6C) . Necrotic spermatocytes were separated from Sertoli cells by cytoplasmic vacuoles or dilated intercellular spaces. The intercellular spaces were filled wtih ramified, interdigitated or fragmented Sertoli cell processes ( Fig. 6B) . Some degenerative spermatocytes showed Sertoli cell processes penetrating into the cytoplasm.
After 2 days PE, round spermatids showed depletion, dissociation, and giant cell formation with Sertoli cell vacuolization in stages I-VIII. After 7 days PE, the damaged tubules in stages XII-XIV revealed regenerating spermatocytes with degenerative elongated spermatids (acrosome phase). After 2 days PE, epididymal tubules contained exfoliated spermatids and spermatocytes.
Experiment 2
Light Microscopy. After 2 weeks exposure to 300 ppm EGME, rats showed marked variation in the severity of testicular atrophy with 20-80940 of tubules affected. In contrast to 3 days exposure, the seminiferous tubules in a wide range of spermatogenic cycles were affected (Fig. 2C) . The stage-specific spermatocyte damage seen after 3 days exposure was not readily discernible. tubules in stages XII-XIV showed marked depletion served as markers to identifL the spermatogenic of spermatocytes with necrosis and giant cell for-stages. Also, seminiferous tubules in stages I-VIII mation. Elongated spermatids were opposed di-revealed marked depletion of round spermatids with rectly to a single layer of stem cells along the base-multiple spermatid giant cell formation. Many semiment membrane where spermatocytes and niferous tubules in these stages showed a single cell spermatogonia were depleted. Elongated spermatids layer of germ cells and directly adjoined mature spermatids or spermatozoa (Fig. 2D) . The spermatids in acrosome or maturation phase were the only markers in identifying the spermatogenic stages. Spermatid giant cells were formed by Golgi or early cap phases of spermatids and appeared as eosino-philic globules containing vesiculated nuclei in the peripheral cytoplasm (Fig. 2D ). Elongated spermatid giant cells had dense eosinophilic cytoplasm with tiny spermatid heads located in the periphery. Some seminiferous tubules were lined almost completely  FIG, 8.-(A) . Necrotic elongated spermatid (St) shows cytoplasmic condensation with large myelin configuration (M). Note ramified cytoplasmic processes (arrows) of Sertoli cell. 2 weeks exposure, x 6,400. (B). Atrophic seminiferous tubule in stage XIV shows a single layer of germ cells along the basal lamina (BL) and degenerative elongated spermatids (St). Note marked cytoplasmic vacuolization (VC) with partially disrupted tight junctions (large arrow) of Sertoli cell, but others are intact (slender arrows). Spermatogonium (SG), Sertoli cell (SC). 2 weeks exposure, x 2,560.
with Sertoli cells and the lumens were filled with cytoplasmic processes of Sertoli cells.
Strikingly, after the 14 days PE, many seminiferous tubules were lined with regenerating spermatocytes and round spermatids (Fig. 7A, B ). No mature spermatids or spermatozoa formation was found in the regenerating germinal epithelium. Some seminiferous tubules were filled with exfoliated germ cells, while other seminiferous tubules were lined mostly with Sertoli cells showing cytoplasmic vacuoles. Leydig cells showed hyperplasia with interstitial edema.
After 42 days PE, many seminiferous tubules had restored normal germinal epithelium including mature spermatids and spermatozoa. However, there were still a large number of tubules lined only with Vol. 17 regenerating pachytene spermatocytes (Fig. 7C ). Approximately less than 5% of tubules were lined mostly with Sertoli cells. Leydig cells were slightly hyperplastic with minimal interstitial edema.
After 84 days PE, 2 of 5 rats had slight testicular atrophy and the remaining 3 rats showed normal testicular structure. The atrophic testes contained approximately 3-5% of the tubules with incomplete regeneration (Fig. 7D) . Severely damaged seminif-erous tubules were lined only with Sertoli cells and had few stem cells.
Exfoliated degenerative germ cells and decreased spermatozoa were found in the epididymal tubules after the 2 week exposure period. The number of exfoliated germ cells increased markedly with oligospermia between 14 and 42 days PE. After 84 days PE, epididymal tubules from atrophic testes showed oligospermia with exfoliated germ cells. TOXICOUXIC PATHOLQGY Electron Microscopy. After 2 weeks exposure, many seminiferous tubules at various spermatogenic stages in addition to XII-XIV were affected. Many damaged tubules showed a single layer of germ cells and directly adjoining elongated spermatids (Fig.  8B) . Some necrotic spermatocytes were converted into residual bodies consisting of aggregated myelin figures and electron-dense granules in Sertoli cells. Necrotic germ cells were detached from Sertoli cells and moved toward the lumen. Vacuolization of Sertoli cells was associated with exfoliated germ cells and necrosis (Fig. SB) . The plasma membrane of Sertoli cells was ruptured with cytoplasmic vacuolization and fragmented microtubules. Some tight junctions of Sertoli cell processes were disrupted with cytoplasmic vacuolization (Fig. 8B) . The tail cytoplasm of acrosomal spermatids in stages XII-XIV showed marked vacuolization. Necrotic spermatids showed hyperplastic smooth endoplasmic reticulum (SER) and segregation of hyperplastic SER into a compact mass or myelin configuration (Fig.  8A) in stages XII-XIV. Some severely damaged seminiferous tubules showed a single layer of germ cells with denudation of necrotic spermatids. Spermatids in the cap phase revealed abnormal acrosome formation. Degenerative spermatids in the acrosome or cap phase had an electron-dense cytoplasmic matrix with marked vacuolization.
In the early stages of round spermatid (Golgi phase) giant cell formation, the cohort of spermatids was connected with broad intercellular bridges in the central portion and opposed directly to the stem cells because of complete depletion of spermatocytes (Fig. 9A) . The vesicular nuclei of spermatids in Golgi phase were aggregated without cytoplasmic division at the periphery of giant cells (Fig. 9B ). Large spermatid giant cells showed densely aggregated mitochondria in the center and shared common cytoplasmic organelles but nuclei were located at the periphery. The plasma membrane of each individual spermatid was absent in these giant cells. Some globular spermatid giant cells were fused together with other giant cells or spermatids and were demarcated by plasma membranes. Epididymal tubules contained numerous exfoliated spermatids and spermatid giant cells.
After 14 days PE, many tubules were lined with necrotic and regenerating pachytene spermatocytes. Also, spermatids in various phases were necrotic and exfoliated. Some necrotic spermatocytes and spermatids were transformed into aggregates of myelin figures and sequestered in Sertoli cells. Sertoli cells showed marked cytoplasmic vacuolization.
Reorganization of cellular organelles in Sertoli cells
was evident and some vacuoles were surrounded with multiple layers of cytoplasmic processes containing tight junctions.
After 42 days PE, many regenerating tubules showed multiple layers of spermatocytes and spermatids in the Golgi phase but no mature spermatids were present. Degenerative spermatocytes and spermatids were still present with regenerating germ cells. Sertoli cells had cytoplasmic vacuoles containing cellular debris from disintegrating germ cells. The cytoplasmic processes of Sertoli cells showed extensive reorganization and multiple layers of rarefied cytoplasmic processes surrounded the cytoplasmic vacuoles. After 84 days PE, most seminiferous tubules had normal germinal epithelium, but still some tubules were lined with a few layers of germ cells and contained degenerative germ cells. The Sertoli cells showed numerous vacuoles and interdigitated cytoplasmic processes in non-populated seminiferous tubules.
DISCUSSION
An understanding of spermatogenesis is essential for evaluation of testicular pathology. There are 2 populations of spermatogonia within a seminiferous tubule. One is reserve spermatogonia which are resistant to radiation or toxic effects and serve as a source to restore spermatogenesis (1). The other population of spermatogonia serves as the source of the proliferating pool of germ cells. They differentiate to A-spermatogonia and the cohort of cells which form specific cellular associations during spermatogenesis. Each cellular association contains 4 or 5 generations (or types) of germ cells organized in a specific layered fashion. On the basis of the morphological characteristics of the developing spermatid acrosome, 14 different cellular associations (stages of spermatogenesis, I-XIV) are discernible in rats (17) .
Some germ cells are susceptible to certain toxic agents at specific stages of the spermatogenic cycle. Stage-specific spermatocyte damage has been demonstrated using a number of agents: EGME (4, 8, 14 ) dinitropyrroles (28), procarbazine (25), adriamycin (27), 2,5-hexanedione (3, isomers of dinitrobenzene (2), alkylating agents (27), and actinomycin D (26). However, little is known about the significance of stage-specific germ cell damage relative to chemical structure, nature, or mode of toxic action. In this experiment, pachytene and meiotic spermatocytes in stage XIV were exclusively destroyed after exposure to 300 ppm EGME for 3 days. The necrotic spermatocytes in stages XII-XIV were removed from the seminiferous tubules after 1 and 2 days PE. Subsequently, round spermatids in stages I-VIII were extensively damaged with spermatid giant cell formation after 7 days PE. In the 2 weeks exposure to 300 ppm EGME, the testicular lesions at specific stages of the spermatogenic cycle were obscured because a wide range of germ cell types was affected. Since stage-specific damage was related to dose and time intervals, the stage-specific lesions have little diagnostic value to identify any specific toxicants.
Although numerous publications have described damage to seminiferous tubules by a variety of toxicants, few have characterized in detail the sequential morphological changes in germinal epithelium in light of the stage-specific germ cell damage. In this experiment, sequential morphological changes in the germinal epithelium were elucidated. In severe tubular damage in stages XII-XIV, the spermatids in acrosome phase opposed directly to a single layer of stem cells along the basement membrane because the spermatocyte layer located between spermatids and stem cells had completely disappeared. Therefore, the spermatids in acrosome phase served as marker cells to identify the spermatogenic stages. Similarly, severely damaged seminiferous tubules in stages I-VIII were lined with a single layer of stem cells and directly opposing mature spermatids, since round spermatids and spermatocytes were completely depleted. Only mature spermatids were marker cells to indicate the spermatogenic cycle. Round spermatid depletion in stages I-VIII appears to be the result of damaged spermatids or spermatocytes and spermatid maturation depletion due to spermatocyte necrosis. Seminiferous tubules that are lined with a single layer of stem cells and directly opposing mature spermatids are common findings in testicular atrophy induced by a variety of chemical toxicants and drugs (4, 18, 19) .
Since few electron microscopic studies have been conducted on the testicular atrophy induced by EGME, little information is available about the ultrastructural alterations in germ cells and pathogenic processes. Foster et a1 (14) described briefly nonspecific cellular alterations in the spermatocytes. Strikingly, the cytology of the other germ cells and of the Leydig and Sertoli cells were normal (14) . Creasy et a1 (7) reported ultrastructural alterations in the Sertoli cells. However, the ultrastructural changes in the degenerative pachytene or meiotic spermatocytes were not described because degenerative processes advanced rapidly and most spermatocytes were at the end stage of necrosis. In this experiment, early ultrastructural alterations in the degenerative pachytene or meiotic spermatocytes at spermatogenic stage XIV are described for the first time. The ultrastructural alterations in the Sertoli cells and degenerative spermatocytes at the pachy-tene or meiotic division are important because these cells are primary target germ cells in the testicular atrophy induced by EGME exposure.
Sertoli cells have been known to provide nourishment and protection for developing germ cells (12, 30, 35) . In this study, the most important structural alterations in the Sertoli cells were cytoplasmic vacuolization, dilated intercellular space, ramified or fragmented cytoplasmic processes, and disrupted tight junctions. The Sertoli-germ cell relationship appears to be disrupted because of these structural alterations in the Sertoli cells. Consequently, germ cells may show degenerative changes resulting from the loss of Sertoli cell contact. Sertoli cell vacuolization with germ cell degeneration appears to be a common response in the testicular atrophy induced by a variety of chemicals (7, 9, 13, (18) (19) (20) (21) . Intact tight junctions are considered to be essential for maintaining the Sertoli-germ cell relation (1 1, 16, 29, 32, 34) .
The microtubules support tenacious cytoplasmic extension and movement of the Sertoli cells for translocation of spermatids (6). The cytoskeletal support of the Sertoli cells was dependent upon the integrity of Sertoli cell microtubules and disruption of Sertoli cell microtubules was responsible for sloughing associated germ cells (3 1). The synaptonemal complexes appear to be sites of attachment of the 2 homologous chromosomes and play an important role in the exchange of genetic matrial between each pair of homologous chromosomes (37) . In this study, exfoliated and degenerative spermatids were dissociated from retracted Sertoli cell processes which showed rarefaction and disruption of microtubules. It is noteworthy that degenerative spermatocytes in meiotic division showed destruction of chromosomal microtubules and synaptonemal complexes with accumulation of altered electron-dense chromatin material. These ultrastructural alterations in the spermatocytes suggest potential impairment of meiotic division.
Vacuolization of Sertoli cells was correlated with sloughing ofgerm cells and with giant cell formation. Since spermatid degeneration or giant cell formation occurred after degeneration of spermatocytes, these germ cells appeared not to be primary target germ cells. Sloughing spermatids and giant cell formation may be secondary changes resulting from disruption of Sertoli-germ cell association rather than a direct toxic effect on the spermatids. The origin ofthe giant cells can be postulated as either fusion of damaged spermatids or nuclear division without cytoplasmic separation. Meiotic division occurs only in the spermatocytes and not in spermatid stage during normal spermatogenesis and spermiogenesis. The sperma-tids eventually differentiate into spermatozoa without any mitotic division. Immature spermatids are connected by cytoplasmic bridges until they have elongated. In this study, spermatid giant cells were devoid of plasma membrane belonging to individual cells and shared the cytoplasm and cellular organelles with peripherally located nuclei. These giant cells appear to be developed by continuous nuclear division without cytoplasmic separation as results of abnormal meiotic division in the spermatocytes.
Effects of toxicants may continue for some time following cessation of exposure. Furthermore, an interval greater than the duration of spermatogenesis may be necessary for restoration of spermatogenesis. Typically, an interval of at least 3-6 months should be allowed for maximum recovery of spermatogenesis in rats (1). In the early stages of germ cell regeneration, the germinal epithelium was devoid of normal germ cell association and was composed of multiple layers of regenerating pachytene spermatocytes. The germinal epithelium showed continuous remodeling by regenerating germ cells and removal of dead germ cells until normal spermatogenesis was restored. After 14 days PE following 2 weeks exposure to EGME, the seminiferous tubules were lined with regenerating pachytene spermatocytes with or without round spermatids. Many regenerating seminiferous tubules showed normal spermatogenesis after 42 days PE. However, some seminiferous tubules were still lined with multiple layers of pachytene spermatocytes after 42 or 84 days PE. In 3 days exposure to 300 ppm EGME, damage to seminiferous tubules was less severe than to those seen at 2 weeks exposure and most seminiferous tubules had restored normal germinal epithelium after 12 days PE. Therefore, the reversibility of damaged seminiferous tubules was related to the severity of testicular damage induced during exposure.
In an 8 week recovery study after oral intubation of 200 mg/kg EGME for 5 days, approximately 80% were end-stage tubules at 6 weeks PE, while 50% of the tubules appeared normal at 7 weeks PE (4). The equivalent oral dose for a 300 ppm EGME, 6 hr/ day for 10 days inhalation exposure is approximately 1,980 mg/kg. This is calculated assuming 100% absorption and a 0.1 Wmin respiration rate and a rat body weight of 300 grams. The converted dose (198 mg/kg/day for 5 days) is approximately equivalent to an oral dose of 200 mg/kg EGME/day for 5 days (4). Since testicular damage induced by oral intubation of 200 mg/kg for 5 days was more severe and reversibility was also more delayed, the oral administration of EGME appears to be more sensitive than the inhalation route for testicular damage. It is impossible to compare morphological characteristics of regenerating germ cell association, since the early stages of regenerating germ cells prior to attaining normal cell association in spermatogenic stages was not described in the oral dosing (4).
What are the morphological criteria which can be applied to measure reversibility of testicular atrophy? In this experiment, at 84 days PE, most seminiferous tubules had regained normal germinal epithelium and epididymal tubules were filled with a normal population of spermatozoa. However, a small number of tubules were still atrophic. The testes can be considered as recovered from testicular atrophy since these residual findings would not be expected to have any adverse effects on male reproductivity. Also, it is not possible to have every damaged tubule restore normal germinal epithelium and some tubules remained atrophic. Small numbers of seminiferous tubules lined with Sertoli cells only were seen even in the slightly damaged testes after 3 days of 300 ppm EGME exposure.
